Background-Transcatheter aortic valve implantation was developed to provide a therapeutic option for patients considered to be ineligible for, and to mitigate mortality and morbidity associated with, high-risk surgical aortic valve replacement.
which resulted in minor variations of the baseline demographic data compared with the previous publication. 4 Events and values collected are site reported, and there are no core laboratories. The principal investigators (M.R.T., O.W.) reviewed and adjudicated all clinical and adverse events reported into the Medidata RAVE electronic database (Medidata Solutions Inc, New York, NY). No functional assessment of the Edwards SAPIEN valve has been reviewed for this manuscript. The devices implanted during this time were the SAPIEN Transcatheter Heart Valve sizes 23 mm and 26 mm requiring 22F and 24F introducer sheaths for the TF approach and 26F introducer sheaths for the TA approach (Edwards Lifesciences LLC, Irvine, CA).
Statistical Analysis
Continuous variables are presented as meanϮSD and were compared between groups using the Student t test. Categorical variables are provided as frequencies and percentages and were compared using the Fisher exact test. Univariable factors were binary, with the exception of scaled Logistic EuroSCORE.
Survival analysis is performed by Kaplan-Meier (KM), with patients being censored as of the last date known alive. Proportional hazards regression was used to analyze the impact of covariates. The Harrell overall c index was used to measure how well the model fits against data, with an index approaching 1 giving the best fit. The complete range of data was included in these analyses; both death dates and follow-up dates past the exact 1-year point were included. For the analysis of the relationship between EuroSCORE and survival a pairwise comparison of each stratum was also performed using a Bonferroni adjusted log-rank test.
Proportional hazards regression models were constructed using an automated iterative forward selection/backward elimination algorithm (the selectionϭstepwise option in SAS), with thresholds of Pϭ0.05 for both entry into and removal from the model. The overall model is then compared with each inclusion of additional variables. Unlike forward selection regression, if a previously selected variable, on inclusion of additional variables, is shown not to add value to the overall model, the variable is excluded.
Although TA and TF patients appear to be different, some pooled analyses are presented. These are valid only to the extent that the TA/TF distribution in the SOURCE Registry is reflective of future clinical practice. A P value Ͻ0.05 was considered statistically significant. All statistical analysis was performed using SAS, version 9.1 or higher (SAS Institute Inc, Cary, NC). The principal investigators had full access to and take responsibility for the integrity of the data presented in the article. All authors have read and agree to the manuscript as written.
Results

Demographic and Baseline Characteristics
Cohort 1 comprises 463 TF patients and 575 TA patients. Baseline demographics and risk factors are shown in Table 1 . Although gender distribution and presence of pulmonary disease were similar for both populations, statistically significant differences were observed with respect to age, renal dysfunction, peripheral vascular disease, carotid artery stenosis Ͼ50%, incidence of coronary artery disease, porcelain aorta, prior coronary artery bypass grafting and mitral valve disease. In addition, the difference in logistic EuroSCORE (25.8% for the TF and 29.1% for the TA group; Pϭ0.0007) is an indication that the TA cohort represents a higher-risk population. Therefore, these groups are considered different and outcomes cannot be directly compared.
One-Year Survival
The 1-year KM survival curves for the entire patient cohort and the TA and TF cohorts are shown in Figure 1 . The 1-year KM survival for the entire cohort was 76.1%, 72.1% in TA patients and 81.1% in TF patients.
Relationship Between EuroSCORE and Survival
The relationship between logistic EuroSCORE and 1-year survival after transcatheter aortic valve implantation (TAVI) was examined. The results are displayed in Figure 2A 
Causes of Death Between 30 Days and 1 Year
There were 179 patients who died between 30 days and 1 year. The causes of death in these patients are shown in Figure 3 . Only 25.1% (45/179) of the deaths were definitely cardiac in nature, with heart failure being the most common cause (62.2%) within this group. Almost half of the deaths (49.2%, 88/179) were noncardiac in origin, with the 4 most common causes being pulmonary disease (23.9%, 21/88), renal failure (12.5%, 11/88), cancer (11.4%, 10/88), and stroke (10.2%, 9/88)). The cause of death was unknown in 25.7% (46/179) of the patients.
Univariable and Multivariable Analysis of 1-Year Mortality
Univariable Analysis
Univariable analysis was performed to assess associations between preprocedural risk factors and 1-year mortality. The results of risk factors that were statistically significant are displayed in Tables 2 and 3 . For TA, the most statistically important risk factor was the logistic EuroSCORE (PϽ0.0001, hazard ratio [HR]ϭ1.21 associated with a 10% increase in EuroSCORE). However, those with the highest HRs were renal insufficiency/failure (HRϭ1.72, Pϭ0.0005) liver disease (HRϭ2.52, Pϭ0.005), and cardiomyopathy (HR 2.43, Pϭ0.03). Counterintuitively, the presence of a carotid artery stenosis of Ͼ50% appeared to be associated with a lower mortality (HRϭ0.55, Pϭ0.02). For TF, the most statistically important factor was NYHA class IV symptoms (HRϭ2.42, Pϭ0.0002). Other factors with high HRs were again renal insufficiency/failure (HRϭ2.09, Pϭ0.0005) and liver disease (HRϭ2.69, Pϭ0.02). Univariable factors in the TF patients with the lowest HRs and therefore associated with the lowest mortalities were hyperlipidemia (HRϭ0.51, Pϭ0.002) and hypertension (HRϭ0.58, Pϭ0.008).
Multivariable Analysis
Multivariable analysis results are shown in Tables 4 and 5 . The logistic EuroSCORE was the most statistically important factor associated with higher mortality for TA (Pϭ0.0001, HRϭ1.19 associated with a 10% increase in EuroSCORE). However, similar to the univariable analysis, the HRs were highest for liver disease (HRϭ2.89, Pϭ0.001), renal insufficiency/failure (HRϭ1.44, Pϭ0.02), and other cardiovascular condi-tions (HRϭ1.47, Pϭ0.04). The presence of a carotid artery stenosis continued to be associated with a lower mortality in the multivariable analysis (HRϭ0.48, Pϭ0.002). For TF, statistically important factors associated with higher mortality were scaled logistic EuroSCORE (HRϭ1.19, Pϭ0.01), renal insufficiency/failure (HRϭ2.09, Pϭ0.001), smoking (HRϭ2.42, Pϭ0.0003), and liver disease (HRϭ2.47, Pϭ0.04). Hypertension (HRϭ0.53, Pϭ0.004), hyperlipidemia (HRϭ0.61, Pϭ0.03) and carotid artery stenosis (HRϭ0.07, Pϭ0.004) continued to be associated with a lower 1-year mortality.
Relationship Between Perioperative Vascular Complications and Survival
Although major vascular access complications were less frequent in TA patients (2.1% versus 12.3%), at the 1-year time point there was a difference between vascular complications and the occurrence of 1-year mortality for both approaches (TF 1-year survival 83.9% without a vascular complication and 72.2% with a vascular complication; TA 1-year survival 73.2% without a vascular complication and 47.4% with a vascular complication) ( Figure 4 ).
Freedom From Major Adverse Events (Stroke, Permanent Pacemaker, Myocardial Infarction, Vascular Complications, Endocarditis, and Reoperation) at 1 Year
One-year KM freedom from stroke (95.5%), myocardial infarction (98.6%), reoperation (97.0%), endocarditis (99.0%), and pacemaker implantation (91.5%) for the entire cohort was high. The events noted occurred after 30 days. There are no clinically relevant differences in the event rates for TA and TF patients.
Valve Performance and Function
The SOURCE Registry is a clinical registry and no systematic echocardiographic evaluation of valve function was required. No cases of aortic stenosis due to leaflet dysfunction were reported at 1 year. Three cases of increased aortic regurgitation (AR) were reported. One case of apparent movement of the valve at 3 
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July 26, 2011 weeks in a patient with a previous surgical mitral valve replacement was reported, with upward movement and slanting/tilting resulting in important central and paravalvular leak. 6 In addition, 2 patients were reported as having increased central AR at 1 year as confirmed by echocardiogram.
Changes in Functional Status
Before receiving TAVI, 77.6% of TA patients and 76.3% of TF patients were in NYHA class III or IV. At 1-year follow-up, 69% of the surviving TA patients and 78.4% of the surviving TF patients were in NYHA functional class I or II.
Discussion
For nearly 50 years, surgical aortic valve replacement was the gold standard for treatment of patients with aortic stenosis. 7 Because of encouraging early results from various centers and registries, TAVI is increasingly seen as an alternative treatment in high-risk patients. 8 -10 Currently, no randomized data have been published on how TAVI compares with surgical aortic valve replacement or on the comparison of the TA versus the TF approach. The SOURCE Registry was created to gather outcome data on the Edwards SAPIEN bioprosthesis, for both the TF and TA approaches, during the early phase of commercialization of the product in Europe. The aim was to create a robust data set that could be used to assess procedural results in the real world, document 1-year outcomes, and potentially predict outcomes in terms of a TAVI risk score. Thirty-day results were published previously. 4, 5 The SOURCE Registry is the largest series of consecutively implanted TAVI patients with 1-year clinical outcomes. The 1-year survival for Cohort 1 patients in the SOURCE Registry is Ͼ76%. In the patients treated with the TF approach, the survival is Ͼ80%. Transapical patients have There are currently no randomized trial results comparing TAVI with high-risk surgery, which may provide these results a degree of context. Therefore, only reports from risk-adjusted outcomes in octogenarians who underwent surgical aortic valve replacement can be used for comparison. Leontyev et al 13 reported the results of surgical aortic valve replacement on octogenarians with varying EuroSCOREs. Patient groups were split into those with a logistic Euro-SCORE of Ͻ10, 10 to 20, and Ͼ20 (which most closely resembles the TAVI population). The 30-day survival was similar in the 3 groups, ranging from 92.5% to 89.3%. However, the 1-year survival underwent a linear decline dependent on EuroSCORE, starting with a survival of 90% for those with a EuroSCORE of Ͻ10, to 78% for those with a EuroSCORE of 10 to 20, and 69% for those with a EuroSCORE of Ͼ20. This mortality pattern is similar to the TAVI patients in Cohort 1, making it likely that the late mortality during the first postoperative year is not explained by the procedure but by comorbidities. The overall 1-year survival of 76.1% for the TAVI patients in Cohort 1 is encouraging in this context, but a direct comparison is impossible.
Univariable and multivariable regression analysis was used to assess the association of preprocedural morbidities with 1-year outcomes (Tables 2 through 5). In the multivariable analysis, logistic EuroSCORE, renal failure, liver failure, and smoking were all associated with increased mortality. There are some factors that have statistically appeared to be associated with decreased 1-year mortality. These are the presence of a carotid stenosis, hypertension, and hyperlipidemia. This is initially counterintuitive, given that these factors are generally associated with diffuse multisite atherosclerosis. These findings could, of course, represent the play of chance, but it is interesting that these are comorbidities that require the intervention of medical therapy. The association between these medical therapies (eg, lipid-lowering agents and antihypertensive agents) and 1-year outcomes of TAVI merits further investigation. The logistic EuroSCORE and Society of Thoracic Surgeons scores were established as a mortality risk assessment of open cardiac surgery. Unfortunately, their utility in TAVI is very much open to question, 14 -16 resulting in an urgent need to produce a TAVI risk score that will have a similar utility for TAVI patients. This may take time to develop, and the task will likely involve the collection of data on thousands of TAVI patients, similar to the extensive data that generated the EuroSCORE algorithm (19 030 patients), the latest Society of Thoracic Surgeons cardiac surgery risk score for isolated aortic valve surgery (67 292 patients), and the original Society of Thoracic Surgeons score for coronary artery bypass grafting (80 881 patients). [17] [18] [19] Harmonization of data collection between various trials and registries, with standardized definitions of end points, such as those proposed by the Valvular Academic Research Consortium would be ideal. 20 Finally, these scores relate to outcomes at 30 days, which may not reflect the appropriate time frame of risk in this patient population, especially in terms of cost-effectiveness. The total SOURCE Registry (Cohort 1 and 2) consists of 2344 patients.(M. Thomas, MD, unpublished data, 2010) . Accordingly, any potential risk score based on the SOURCE Registry must be viewed as tentative. Thus far, the c statistics for the receiver operator curves of various multivariable models for the entire cohort at 30 days (TF: cϭ0.70; TA: cϭ0.61) and the Harrell c-index for Cohort 1 at 1 year (TF: cϭ0.71; TA: cϭ0.66) have been disappointing for these very reasons.(M. Thomas, MD, unpublished data, 2010, and O. Wendler, MD, unpublished data, 2010, respectively). Frailty was not assessed in the SOURCE registry. Validated frailty scores are available, 21 and this type of data will be collected in future registries of the Edwards Transcatheter Heart Valve and is likely to be a key variable in a future TAVI risk score.
The difficulties of predicting 1-year mortality becomes evident with the analysis of causes of death between 30 days and 1 year in the current registry. Approximately a quarter (25.1%) of the deaths were definitively cardiac related, with the majority of deaths in this group due to heart failure (62.2%). This suggests that noncardiac comorbidities are an important determinant of survival at 1 year. The most important noncardiac causes were pulmonary disease, renal failure, cancer, and stroke. In addition, in this elderly population with multiple comorbidities it may be difficult to precisely determine the cause of death. The cause of death was unknown in 25% of this population. Sudden death (39.1%) was the primary causality attributed to unknown cause of death. Within the new Valvular Academic Research Consortium definitions, 20 these patients would be allocated to cardiac death. A number of these patients were "found dead in bed." Academically, it may be appropriate to classify a 95-year-old who is found dead in bed as having a cardiac death, but the clinical relevance and relationship to the device and underlying aortic pathology is less clear.
The 30-day incidence of stroke of 2.5% and the KM freedom from stroke at 1 year of 95.5% demonstrate that the stroke event rate between 30 days and 1 year is low (nϭ19). Although preoperative risk factors for stroke were more important in the TA group, the incidence is not different between the TA and TF patients. Two recent studies by Kahlert 22 and Ghanem 23 detected new cerebral lesions in 73% to 84% (presumably embolic) of patients after TAVI. These were clinically silent in the overwhelming majority of cases, but this area merits further investigation. Importantly, of the 19 patients in the SOURCE Registry who had a stroke between 30 days and 1 year, 4 had a confirmed hemorrhagic stroke. Because the absolute duration and need for dual antiplatelet therapy in these elderly patients undergoing TAVI is unknown, careful attention should be given to any bleeding events so that the risk/benefit ratio of the antiplatelet therapy can be assessed.
The 3 patients with increased AR merit further comment. The patient with apparent movement of the prosthesis after implantation had a previous mitral valve replacement in situ. 6 This patient had mild AR documented post procedure but returned 3 weeks later with severe paravalvular AR and moderate valvular AR. The patient was converted to open surgical aortic valve replacement and unfortunately died on day 7 after a stroke. The exact sequence of events in this patient remains unclear but underlines the caution required in placing a transcatheter aortic heart valve in the presence of a previously surgically treated mitral valve. The cause of the increased AR in the other 2 patients is also unclear. The site reported that in both cases the prostheses were placed in a correct position. Both prostheses had a circular configuration in the echos performed postoperatively. No obvious morphological sign of leaflet damage was seen during echocardiography at 1-year-follow-up. Therefore, the mechanism of AR in these cases remains to be elucidated. Aortic regurgitation had increased in both patients (in one from non to mild to moderate; and in the other from trace to moderate AR). Both patients had clinically improved at 1-year follow-up, moving from NYHA III to II, and neither patient required further intervention.
The final question to be asked is, can these results be further improved? The SOURCE Registry data suggest that if the risk profile of the patients is reduced, the 1-year survival will be better. This will be achieved by refining what is acceptable in terms of comorbidities. The data also demonstrate that avoidance of vascular complications will influence the subsequent 1-year mortality. The newest Edwards TF and TA devices have a lower French profile, and the hope is that fewer vascular complications and further improvements in the 1-year mortality will be achieved.
Recently, the PARTNER US trial reported a large 1-year mortality advantage of TAVI compared with medical therapy in surgically inoperative aortic stenosis patients. 24 One-year survival in the TAVI arm was 69.3% compared with 49.3% in the medically treated arm (PϽ0.001). The SOURCE Registry 1-year survival of 76.1% is slightly better than in the PARTNER patients and may reflect the fact that the Euro-SCOREs were slightly lower in SOURCE than in the TAVI arm of PARTNER (25.8% versus 26.4%) and patients in the SOURCE Registry were not required to be a surgical turndown. It is therefore possible that the actual risk of patients in the SOURCE Registry may be lower, although no direct comparisons can be made.
Limitations of the SOURCE Registry
The SOURCE Registry is a clinical registry and contains limited functional assessment of the Edwards SAPIEN valve. All adverse events were self-reported by the participating centers; no adjudication of adverse events via source documentation was assessed. However, review and adjudication of all serious adverse events and adverse events in the electronic database were performed by the principal investigators.
Conclusions
Kaplan-Meier 1-year survival for Cohort 1 from the SOURCE Registry shows an improvement compared with historical controls. Survival for the TF approach is now Ͼ80%. There has been an important improvement in the TA patients, with survival now similar to historical TF controls. Lower-risk patients have similar survival at 1 year for TF and TA. The SOURCE Registry data set may facilitate the development of a TAVI risk score, which should lead to improved patient selection for the procedure. This risk score and avoidance of vascular complications by lower-profile devices is expected to result in further improvements in 1-year survival. The 1-year results of Cohort 1 of the SOURCE Registry provides a benchmark against which future TAVI cohorts and new TAVI devices may be measured.
